John Schellman, who passed away on December 16, 2014, had two exceptional teachers, Walter Kauzmann and Kaj Linderstrøm-Lang, both of whom quickly recognized John's scientific depth and creativity. His doctoral work with Kauzmann at Princeton University taught John how to find the basic issues in a new research area and how to solve problems. His postdoctoral work with Linderstrøm-Lang placed John in a remarkable environment. The Carlsberg Laboratory in the 1950s was a magnet for scientists who recognized that the new field of protein folding was taking form, and that its epicenter was Linderstrøm-Lang. Together with his gifted research assistant Aase Hvidt, Linderstrøm-Lang was developing a new research tool, hydrogen exchange (HX) (1, 2), which he believed (correctly) would be the experimental key to learning how proteins fold. Frequent visitors to Linderstrøm-Lang's laboratory at that time included Chris Anfinsen and Walter Kauzmann, who wanted to catch the spirit of the new protein-folding field and to learn the latest news. Other young (and subsequently major) protein folders in Linderstrøm-Lang's laboratory during John's time included Bill Harrington, Fred Richards, Harold Scheraga, and Charlotte Green (Schellman), who soon became John's wife.
On arriving at the Carlsberg Laboratory, John chose to work on showing that optical rotatory dispersion (ORD) would be able to quantify the basic secondary structures of proteins. No one had yet seen an α-helix or a β-sheet, although everyone believed that Pauling's predictions of their structures were very likely correct. Because these structures were held together by peptide hydrogen bonds, a central (and largely unrecognized) question was whether peptide hydrogen bonds would be stable in water. The first HX studies of insulin and the insulin A-chain (2) did not provide a clear answer to whether the A-chain might provide a stable α-helix. John and Linderstrøm-Lang applied John's new ORD method to solving this problem (1) , and learned that yes, insulin did have an α-helix, but no, the putative helix in the isolated A-chain was not stable in water.
This result led John to pose-and answertwo previously unasked questions. First, should an isolated α-helix be stable in aqueous solution? And second, should the peptide hydrogen bond itself be stable in water? Answering the first question led John to formulate the first statistical thermodynamic theory of the cooperative α-helix ↔ coil transition (3) . Answering the second led him to use heat-of-dilution data for concentrated urea solutions to estimate the enthalpy of the peptide hydrogen bond in water (4). The answers to both questions proved to be "yes," but both the isolated α-helix and the peptide H-bond were found by John to be only marginally stable in water. Modern studies of peptide helices have shown that John's predictions were correct, although Klotz and Franzen (5) disagreed vigorously in 1962, and this made John quite unhappy, because he hated controversy.
John Schellman was a major player in establishing how this new field of protein folding would take shape. However, there was one catch: John was an extremely modest person and when he got an important result he did not call attention to it. He also did not argue if some other scientist disagreed with his conclusions. Some of John's most important papers appeared in the "house journal" of the Carlsberg Laboratory (Comptes rendus des travaux du Laboratoire Carlsberg), where all too often readers who should have seen them did not. That was all right with John; his job was to find the right answer and get it into print.
Two of the most influential results that John obtained at the Carlsberg Laboratory are now rarely attributed to him. First, he and Bill Harrington, working together, discovered that protein-folding reactions are fast and often reversible processes. Because the isolated insulin A-chain was found to be unstable in water (1), they decided to ask whether or not an entire protein (oxidized ribonuclease A), whose tertiary interactions (the 4 S-S bonds) were broken, contains stable secondary structure in water. In answering this question, the two also looked at the heat-induced unfolding/refolding reaction of ribonuclease A with S-S bonds intact and discovered that the reaction in the intact protein was fast and reversible (6) . John and Harrington used optical rotation, which was a fast method in 1956, to monitor unfolding. By making this discovery, they opened the door to studying protein unfolding transitions, leading to work that soon would be started by others on questions such as: what are the energetics of unfolding, and how do denaturants cause unfolding? The Harrington and Schellman paper (6) did not pose these questions explicitly, but John was well aware that their paper made it possible to answer them.
While visiting the Carlsberg Laboratory, John also derived the well-known "Linderstrøm-Lang equation" for hydrogen exchange. Aase Hvidt was trying to find out why protein HX exhibits such a curious pHdependence, which she uncovered in 1955 (2). Hvidt asked John for help and he found in a kinetics textbook that the rate constant for exchange of a peptide NH proton is basecatalyzed above pH 3, a property that results in a complex pH-dependence of HX for folded proteins. John told Hvidt that he did not want to be acknowledged for his derivation, although he told R.L.B. about obtaining it. Hvidt then decided to name the equation for Linderstrøm-Lang in her 1964 paper (7) (Linderstrøm-Lang had died in 1959) because Linderstrøm-Lang was the father of the HX field. In 1966 Aase Hvidt and Sigurd Nielsen, in a review of protein HX (8) , named the two types of folding mechanisms predicted in the derivation EX1 and EX2, and showed how the Linderstrøm-Lang equation predicts a pH-dependent transition between the two mechanisms.
When John returned to the United States (first at the University of Minnesota and then at the University of Oregon), he continued to develop the foundations of using optical activity to analyze protein secondary structures, the original ORD approach having morphed, by 1958, into the circular dichroism method. By 1960 the first high-resolution X-ray structure of a protein (myoglobin) appeared and it was clear that the secondary structures of proteins would be found from their X-ray structures. So John returned to the protein-folding field, which had become a booming area, and he worked on current problems by tackling them at an advanced level that won widespread admiration. John became the person to whom young scientists in the protein-folding field turned for help. He was known as the man who knew how to find the right answers and who gladly helped others. The degree of generality and clarity that John brought is rare, and his spirit will be greatly missed.
